Axis deviation indicates possible presence of various conditions. It also affects the QRS and T morphologies. The limits of axis deviations are as such arbitrary and the approximate degree of axis itself can be easily determined. Various conditions often shift the QRS axis without fulfilling the defined limits of deviations in the initial stage. The associations with various conditions may be missed if such partial shift of the axis is disregarded. Isolated left axis deviation is relatively common in the general population and left anterior fascicular conduction delay is the most common cause of such isolated leftward shift of axis. Vulnerability of left anterior fascicle to interruption makes it likely to be affected by both atherosclerosis and fibrodegeneration. Glucose intolerance may increase the risk of both atherosclerosis and fibrodegeneration. The association of glucose intolerance with leftward shift of axis has been increasingly noticed. Research studies to get further evidences are required; however, utilizing the already available evidences to protect the susceptible population is equally essential. Documenting the approximate degree itself of the axis is the bottom line to study the association with the levels of various possible risk factors like glycated hemoglobin.
Introduction
The limits for mean frontal plane QRS axis deviations are considered variedly [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and are necessarily arbitrary [5] . In this chapter, determination of left axis deviation and its effects on QRS-T morphology and its causes will be discussed. The left axis deviation and leftward shift of axis have been increasingly noticed in asymptomatic relatively younger adults with diabetes. Next in the chapter, the epidemiology, pathogenesis, correlation with other related factors, and implications of the possible association between glucose intolerance and left axis deviation will be discussed. . Different parts (shown in the boxes) of specialized cardiac conducting system from the sinoatrial node to the His-Purkinje system. *Interatrial tract or the Bachmann's bundle is a branch of the anterior internodal tract to the left atrium which serves as the preferential path for electrical activation of the left atrium. **Fibrous ring does not conduct electrical impulse.
The conducting system of the heart
In the heart, apart from ordinary myocardium and supporting fibrous skeleton, there are small groups of specialized neuromuscular cells in the myocardium which initiate and conduct cardiac electrical impulse [9, 12] . Figure 1 shows the different parts of the specialized cardiac conducting system from the sinus node to the atrioventricular (AV) node with three internodal tracts in-between and then from the AV node to the His-Purkinje system [9, 12] . The atria and the ventricles are separated by a ring of fibrous tissue, which does not conduct electrical impulse. Thus, the electrical activity from the atria can only spread to the ventricles through the atrioventricular node and the atrioventricular bundle. Atrioventricular bundle (Bundle of His) originates from atrioventricular node and divides at the upper end of the ventricular system into right and left bundle branch [12] . The right bundle branch does not divide, but the left bundle branch further divides into three separate fascicles, namely septal (median or medial) fascicle, left anterior fascicle, and left posterior fascicle. Right bundle branch and different fascicles of left bundle branch ultimately break up within the ventricular myocardium into fine fibers as the network of Purkinje fibers [12] . The left anterior fascicular block (or the left anterior hemiblock) causes left axis deviation and the left posterior fascicular block (or left posterior hemiblock) causes right axis deviation. Isolated left posterior fascicular block is extremely rare [2, 5] . Septal fascicle is found in nearly two-thirds of people [13] . Delay or block of left septal fascicle may occur in diabetes, Chagas disease, and various cardiac diseases and may manifest in the ECG with prominent R waves in leads V1-V3, loss of septal Q waves, initial q waves in leads V1 and V2, and normal QRS axis [2] . However, the term left septal fascicular block is not recommended because of the lack of universally accepted criteria [3] .
The normal mean frontal plane QRS axis range
An electrocardiogram is a record of the origin and propagation of the electric action potential through heart muscle. Depolarization spreads throughout the heart to stimulate the myocardium to contract and the vector demonstrates the direction in which depolarization is moving. The general, mean, or dominant direction of all these vectors is known as the mean vector and is expressed electrocardiographically as the mean QRS axis [2] which is located by degrees [1] . The direction of the mean QRS axis on the frontal plane is known as the mean frontal plane QRS axis and is determined by the six frontal plane limb leads; they are three standard bipolar limb leads I, II, and III and three augmented unipolar limb leads aVR, aVL, and aVF. The frontal plane limb leads are conventionally represented on a hexaxial reference system (Figure 2 ).
In most normal adults, the mean QRS vector points downward and to the left [1] with the electric axis of the QRS complex almost parallel to the anatomic base-to-apex axis of the heart in the direction of the lead II [6] . Most normal frontal plane QRS axes in the adults are directed within a narrower range between +40° and +60° [2] , around 5 o'clock position [7] (Figure 2 ). Such range has been reported particularly at sea level from studies of axes conducted at different altitudes [14, 15] . Leads I and aVF, II and aVL, and III and aVR are at right angles to each other; that is, each of the pair is the right-angled partner leads. The concept of the rightangled partner leads (Figure 2 ) is helpful to quickly find the lead with the relatively tall R wave after looking at the lead with the equiphasic QRS complex. Coincidentally, but useful for remembering easily the pairs of the right-angled partner leads, the letters F, L, and R of the augmented limb leads are in the increasing alphabetic order like the numbers I, II, and III of the bipolar limb leads.
There are variations not only in the conventionally considered limits of normal axis and left, right, and extreme axis deviations in the adults but also in the nomenclature of the deviations and in the use of positive and negative signs of the degrees of the axis. The indicated limits of normal axis and left, right, and extreme axis deviations in the adults by various publications are shown below; for example
• Normal axis as 0° to +90° [1, 2] , -30° to +90° [4, 6, 7, 10] , and -30° to +100° [5, 9, 16] .
• Left axis deviation as 0° to -90° [1, 2] and -30° to -90° [4] [5] [6] 10] with axis between 0° and -30° as slight left axis deviation [2] , and between -30° and -45° as moderate, and between -45° and -90° as marked left axis deviations [3] .
• Right axis deviation as +90° to 180° [2] [3] [4] 6] , +90° to +150° [11] , +100° to 180° [5, 16] , +110° to 180° [9] , +90° to -150° [10] , and +90° to -90° [7] .
• Extreme axis deviation as -90° to 180° [1, 2, [4] [5] [6] and -90° to -149° [10] .
The extreme axis deviation [4] [5] [6] has also been
• included under right axis deviation [7] ,
• called as the northwest region axis [2] , extreme right axis deviation [1] , and extreme left axis deviation [9] , and
• even indicated as the marked left or right axis deviation [5] .
Similarly, there are variations in the use of + and -signs. For 180°,
• many use ± [2, 6, 9],
• some use both +180° and -180° in their axis range figure [7] ,
• others use + sign [5] , and
• still others use no + or -sign to 180° [4, 16] .
For other positive axis degrees many use + signs [2, 5-7, 9, 16 ] and some do not use + sign [3, 4] .
In this chapter, + sign has been used for positive degree and -sign for negative degree. As 0° and 180° are common to both positive and negative degree sides and there is no other similar degree to cause confusion, no sign has been indicated for 0° and 180°.
The consensus in these issues will help the communication among clinicians and between students and teachers especially during the examination of the student. However, even the consensually defined limits of normal axis and left, right, and extreme axis deviations should not make the clinicians and researchers to disregard the leftward or rightward shift of the axis from its usual range of degree (between +40° and +60°) in the adults (Figure 2) . Otherwise the important correlation of the shift of axis with the patients' clinical condition or with the various factors in the research study may be missed; this is also further discussed later. With the possibility of easy determination of the approximate degree of axis by any clinicians and researches (see Section 4) and with the support of the computer interpretation of ECG readings at hand, the approximate degrees of the axis should be recorded.
Interpreting Cardiac Electrograms -From Skin to Endocardium
Determination of frontal plane QRS axis

Method of determining the approximate degree of mean axis
When depolarization moves in a direction with the cardiac axis toward the positive pole of a lead, the deflection recorded by the lead is upward (positive), if it is away from the positive pole it is negative (downward) and if it is perpendicular to the orientation of a lead the deflection recorded by the lead is isoelectric or equiphasic (QR or RS) QRS with equal magnitudes of upward (positive) and negative (downward) deflection [5] . The leads between the one recording the equiphasic (QR or RS) deflection and the other recording the maximum upward deflection will record the increasing degree of upward deflection; this area can be designated as "positive-half area of the mean axis" (Figure 3) . Similarly, the leads The positive and negative poles of each lead: The arrow head on the solid line designates the positive pole of the corresponding lead axis and the dotted line the negative pole. The 30° differences: There are 30° differences between the positive or negative poles of the nearby leads. The right-angled partner leads: Leads I and aVF, II, and aVL, and III and aVR are at right angles to each other and the axis causing equiphasic deflections of QRS complex in one lead will cause maximum upward and downward deflections in the opposite ends of the other partner lead at right angle.
Examining Left Axis Deviation http://dx.doi.org/10.5772/intechopen.69435between the one recording the equiphasic (QR or RS) deflection and the other recording the maximum downward deflection will record the increasing degree of downward deflection; this area can be designated as "negative-half area of the mean axis." The mean QRS axis can, thus, be determined on the basis of one or both of the two rules [5] . As a general rule the mean QRS points
• midway between the axes of two extremity leads that show tall R waves of equal amplitude, and
• at 90° (right angle) to any extremity lead that shows a biphasic (QR or RS) complex and in the direction of leads that show relatively tall R waves [5] .
With these considerations, the mean frontal plane QRS axis can be determined with an error of 10-15° [5] . Thus, to determine the approximate degree of axis, one has to find the lead in which the QRS complex is most equiphasic (QR or RS); the axis is directed perpendicular to this lead (Figure 4) . If the lead with clear equiphasic QRS complex is not seen, then the lead having the QRS with the largest positive amplitude should be looked for. If there are two nearby leads which have almost equal tall R wave, the axis is mostly directed in between them (Figure 4) .
The degree of the mean axis can be further reconfirmed by considering whether it is in accord or not with the QRS direction and amplitude in other leads in the areas in front of the line of the equiphasic complex, that is, in the positive-half area of the mean axis (Figure 3) , and/or behind the line of the equiphasic complex, that is, in the negative-half area of the mean axis. This and "negative-half area of the mean axis" will record predominantly positive and negative QRS complex, respectively, increasingly so as per the distance from the points of equiphasic deflection (QR or RS).
Interpreting Cardiac Electrograms -From Skin to Endocardiummethod is perhaps the most appropriate observational technique to follow in the routine setting. The other method of the mean axis determination by plotting the net height or depth of two standard bipolar (not the augmented) limb leads [8, 9] is generally not practiced.
Sometimes an electrocardiogram with indeterminate QRS axis is encountered. In indeterminate QRS axis, the algebraic sum of major positive and major negative QRS waves is zero in each of leads I, II, and III, or the information from these three leads is incongruous [10] . In the absence of a dominant QRS deflection, as in an equiphasic QRS complex, the axis is said to be indeterminate [9] . The separate determination of the axes of the initial and later part of QRS complex may indicate, or help to correlate with, other findings. For example, in right bundle branch block (RBBB) the axis determination is of importance in diagnosing associated left anterior or posterior fascicular block, as right bundle branch on its own will not cause axis deviation. In right bundle branch block, estimating the frontal plane QRS based on the first 80-100 ms of the QRS deflection, primarily reflecting activation of the left ventricle, may help [4] . For left bundle branch block (LBBB) and other intraventricular delays, the entire QRS or just the initial 80-100 ms can be used [4] .
An example of determination of the mean axis
An ECG with the recordings of the limb leads in an asymptomatic person is shown in Figure 5 with left axis deviation. The QRS complex in II (which is at +60° in the hexaxial reference system) is most equiphasic; thus, the axis will be 90° to it, either in -30° or +150° (Figure 2 ). Since R wave in the lead aVL is positive and has almost the largest R wave amplitude, it dictates the direction of the vector. Thus, the QRS axis is leftward between around -30°. However, if we look carefully the lead II is not exactly equiphasic but it has slightly more negative complex especially the second QRS complex, so the lead II lies in the "negative-half area of the mean axis" (Figure 3) . Similarly, the lead aVR is also near equiphasic with slightly more negative QRS complex, that is, the lead aVR is also in the "negative-half area of the mean axis" (Figure 3) . As the Examining Left Axis Deviation http://dx.doi.org/10.5772/intechopen.69435lead II has slightly less negative QRS complex than the lead aVR, the lead II is slightly nearer to the mean axis than the aVR. So the mean axis is most likely around -40°.
In this example, we have determined the mean axis by first looking at the lead with the equiphasic QRS complex as described in Figure 4 and later also reconfirm the degree of the mean axis by considering whether the QRS direction and amplitude in the leads in the negative-half area of the mean axis are in accord or not with it. As discussed above, the approximate determination of the axis with such method entails an error of 10-15° [5] . Moreover, minor degrees of change in the height of QRS complex may also occur due to the difference in the relative voltage and magnitude of the bipolar and augmented unipolar leads [9] or due to cardiac or respiratory movement.
Other axes
When cardiac axis is referred, it usually indicates the mean frontal plane QRS axis. But there are also other axes to consider, for example, T wave and P wave axes. Though even axis of ST segment [2] and the QRS axis in the horizontal plane [1, 6, 9] are also discussed, such axes are not used in the routine ECG interpretation. The axes of T wave and P wave are also not routinely determined. However, in the computer interpretation in modern electrocardiogram tracings the axes of P and T waves are now easily available. Thus, routine consideration of T and P wave axes is possible and may be helpful. T wave axis is discussed later in Section 5.3. The normal mean manifest frontal plane P wave axis is also directed generally within the region of +40° to +60° [2] with the normal limits between 0° and +75° [6] . The axis of P wave is affected by different conditions [2, 6] , for example,
• +60° to +90° or even more to right axis deviation in acquired right heart diseases including due to chronic obstructive pulmonary disease (COPD) with tall upright P wave in II, aVF, and III leads with near equiphasic or equiphasic P waves in lead I,
• +45° to -30° in left atrial diseases with upright in I and aVL leads, and
• -80° to -90° in the retrograde activation of the atria by an impulse from AV node or below with inverted P wave in II, aVF, and III leads. Interpreting Cardiac Electrograms -From Skin to Endocardium
Usefulness and limitations of the computer interpretations in modern electrocardiograms
The computer interpretations in modern electrocardiogram tracings help to note if anything is missed or to crosscheck the findings. But that does not decrease the responsibility of the physicians. In the textbook on electrocardiogram prepared on behalf of the council on clinical cardiology of the American Heart Association, it is emphasized: "Even though computer interpretations of ECGs are readily available, the clinician's role as overseer and final interpreter has not and must not be diminished" [9] . On the other hand, one should also not totally ignore the computer interpretations. The computer interpretations are particularly useful for rate, axes of QRS, P and T waves, intervals and amplitude, or voltage and duration of different waves. Though in the computer interpretation the range of normal values is not given, the possible abnormal findings are indicated. The overall computer interpretation in the modern electrocardiogram machines, however, cannot incorporate the various clinical conditions to be considered in each individual patient. The rhythm, P, QRS, and T wave morphology, and ST segment need to be given particular attention by the clinicians and the conclusion should be drawn considering all the clinical conditions of the individual patient.
Effect of axis deviation on QRS-T morphology
Variations in the QRS pattern and usually negative waves in aVR
The QRS pattern in the extremity leads may vary considerably from one normal subject to another depending on the electrical axis of the QRS, which describes the mean orientation of the QRS vector with reference to the six frontal plane leads [16] . The effects on QRS and T morphologies by different frontal plane QRS axes may thus cause confusion in the interpretation of ECG. A shift, even a pronounced one, of the heart to the right due to pneumothorax or pleural effusion, however, does not necessarily affect the frontal plane QRS axis [17] . The effect of axis in the QRS and T morphologies can also be utilized for the efficient interpretation of electrocardiogram. The frontal plane QRS axis in most people are directed away from aVR, thus in the lead aVR the QRS complex is mostly negative. Marked left axis (<-60°) or right axis (>+120°) or extreme axis deviation will cause positive QRS complex in aVR. And the dominantly upright QRS as well as P waves in aVR along with the inverted ones in leads I and aVL indicate the presence of reversal of the left and right arm electrodes or rarely the dextrocardia, a common form of cardiac malposition [2, 18] . Thus, while interpreting any ECG it is helpful to look first at aVR to quickly detect the incorrectly placed arm electrodes or the marked left or right axis deviation.
An example of the effect on QRS complex due to left axis deviation
The ECG with the recordings of the limb leads shown in Figure 5 is used as an example to discuss the effect of left axis deviation on the appearance of QRS complex. In the ECG shown in Figure 5 , the QRS complexes in III and aVF appear mostly negative raising the possibility Examining Left Axis Deviation http://dx.doi.org/10.5772/intechopen.69435of inferior wall ischemia. But this pattern in the asymptomatic person is most likely due to the frontal plane mean axis being at around -40°. The equiphasic points for this mean axis of -40° are at right angle, that is, at +50° and at -130°. The leads aVF and III are away from the equiphasic point at +50° toward the opposite pole of mean axis in the "negative-half area of the mean axis" (Figure 3) and are recording the increasingly negative QRS complex. Thus, the QRS complexes in III and aVF appear mostly negative. An ECG with right axis deviation is similarly likely to cause predominantly negative QRS complex in the leads I and aVL.
An example of the effect on T wave due to left axis deviation
Similarly the T waves in leads aVF and III in the ECG in Figure 3 appear flat or inverted raising the possibility of inferior wall ischemia. However, as a rule the mean T wave axis and the mean QRS axis normally point in the same general (but not identical) direction [5] . Thus, in general when the main QRS deflection is positive (upright), the T wave is normally also positive [5] and vice versa. In the adult, the QRS-T angle normally does not exceed 45° in the frontal plane [6] . When the angle is greater than 60°, the electrocardiogram is abnormal and disease is usually present [2] . In the ECG in Figure 5 , the mean axis is directed at around -40° with the QRS complexes in III and aVF appearing more negative. In the asymptomatic person with this ECG, the mean frontal plane T wave axis is likely to be directed as the mean frontal plane QRS axis with the T wave appearing flat or inverted like the QRS complex. The T wave axis given in the computer interpretation in the modern electrocardiogram may provide additional information to correlate with the clinical condition of the patient.
The variations in the QRS-T pattern and its implications
The mean axis of the QRS complex causing the variations in the QRS-T pattern is just one of the many factors to do so. Minor degrees of or apparent ST segment or T wave changes can also occur due to many general medical or cardiac conditions other than the ischemic ones. Various such conditions related to each individual patient are not incorporated in the computer interpretation of the ECG tracing. The clinician has to correlate the ECG findings with the clinical conditions of the patient.
The US Preventive Services Task Force (USPTF) recommends against screening with resting or exercise ECG for the prediction of coronary heart disease events in asymptomatic adults at low risk for coronary heart disease events. The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits and harms of screening with resting or exercise ECG for the prediction of coronary heart disease events in asymptomatic adults at intermediate or high risk for coronary heart disease events [19] . The overall risk for a serious adverse event, one that requires hospitalization or causes sudden death, with exercise ECG is estimated to be up to 1 in 10,000 tests [20] .
Moreover, up to 71% of asymptomatic adults with abnormal exercise treadmill ECG results have no angiographically demonstrable coronary artery stenosis [21] and revascularization as such has also not been shown to reduce coronary heart disease events in asymptomatic persons [19] . And the risk for any serious adverse event from angiography is up to 1.7%, including risk for death (0.1%), myocardial infarction (0.05%), stroke (0.07%), or arrhythmia (0.4%) [19, 22] . Such complications are more likely in the countries where the skills of angiography and angioplasty are not certified with appropriate criteria (considering the learning curve required for the particular skill) and in the situation where the volume of the procedures performed by the operator or in the institutions are not sufficient.
Causes of left axis deviation
The conditions which are likely to fulfill the criteria of the defined cut-off points and are conventionally considered as the causes of left axis deviation [1, 2, [4] [5] [6] [7] [8] 17 ] are shown in Table 1 . An individual patient may have more than one medical condition; in such conditions, the resultant axis deviation may not reflect the typical pattern of one cause.
Axis deviation in conditions like right bundle branch block (RBBB) and left bundle branch block (LBBB) also depends on their underlying causes. LBBB is commonly a sign of organic heart disease [2] and most patients with LBBB have underlying left ventricular hypertrophy [5] . Thus, left axis deviation is usually seen in LBBB. Though LBBB is even emphasized to be always a sign of heart disease usually of the left ventricle [7] , it is rarely seen in normal individuals without any organic heart disease [5] . Some other congenital heart diseases where left axis deviation is seen include
• tricuspid atresia,
• single ventricle,
• congenitally corrected transposition of the great arteries, and
• double outlet right ventricle with infracristal ventricular septal defect [17] .
• Left anterior fascicular block (left anterior hemiblock) (see Table 2) • Inferior wall myocardial infarction In chronic obstructive pulmonary disease (COPD) with development of pulmonary hypertension, the frontal plane QRS axis shifts to the right side, even to +150° [2] . In very severe cases, extreme axis deviation may occur. Occasionally, in about 10% cases, there may be left axis deviation, the frontal plane QRS axis being directed upwards and to the left in the vicinity of -60° to -90° [2] . The exact mechanism is uncertain, but it is also supposed to be an axis illusion and the term pseudo-left axis deviation has also been applied [17] . In an individual patient with COPD, the presence of left axis deviation rather points out the need to look for other conditions, especially coronary heart disease, due to the common etiological factor of smoking shared by both diseases.
The leftward shift of axis
While enumerating the causes of axis deviation there may be confusion to
• whether the conditions mentioned are just likely to shift the axis toward one or other side of the usual normal axis between +40° and +60° (Figure 2 ) but within the conventionally considered limits or
• whether the conditions mentioned shift the axis frankly toward the right or left side fulfilling the defined limits of the axis deviations.
There are different physiological and pathological conditions which may shift the axis to one side or the other.
Effect of breathing
When a person breathes in, the diaphragm descends and the heart becomes more vertical and QRS electrical axis generally shifts toward right side, and when the person breathes out, the diaphragm ascends, heart assumes a more horizontal position, and the axis shifts toward the left side [5] . This may be more pronounced in maximum inspiration and expiration.
Body habitus and obesity
The mean frontal plane electrical axis also depends on body habitus [3] . The axes are more vertical in thin individuals and more horizontal in heavy individuals [6] . Obesity may deviate the frontal plane QRS axis toward the left side but not further to the left than 0° and a left axis deviation to -30° or further leftwards in an obese person probably represents a pathological abnormality [2, 23] .
Pregnancy
A small rightward QRS axis shift may occur in the first trimester [24] . Similarly, some degree of leftward shift of QRS axis by about 15-30° has been reported in the third trimester of pregnancy by different studies [24] [25] [26] and the axis shifting back to normal side after delivery [26] .
However, in some cases of pregnancy, a slight rightward shift of QRS axis (within the normal range) may occur at full term [27] . It is emphasized that pregnancy is not associated with left axis deviation or any significant change of QRS axis [2] . Thus, in general some degree of leftward shift of QRS axis may occur in the third trimester of pregnancy. However, an isolated rightward QRS axis change may be encountered in normal pregnant patients and cannot be viewed as a definite abnormality or used as a sole criterion for heart disease [24] .
The causes of left axis deviation
The conditions which are likely to fulfill the criteria of the defined cut-off points and are conventionally considered as the causes of left axis deviation [1, 2, 4-8, 17] ( Table 1 ) may also not fulfill the defined criteria especially in the initial stages but they may shift the axis to one side from its usual range of the degrees between +40° and +60° (Figure 2) . Most causes of left axis deviation ( Table 1 ) are well-known clinical entities. Isolated left axis deviation and leftward shift of axis have been increasingly noticed by the author especially in relatively young adults with diabetes. There are many points to consider regarding leftward shift of axis and particularly the isolated left anterior fascicular block.
The isolated left anterior fascicular conduction delay
There are different causes of left axis deviation ( Table 1) . Left axis deviation may also occur in the absence of apparent cardiac disease and it is not necessarily a sign of significant underlying heart disease [5] . Left axis deviation is relatively common with advancing age even in the absence of clinically overt heart disease and rare during early adult years [17, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . In a population-based study of the people 20 years and above, almost half of the people with left axis deviation had isolated left axis deviation without evidence of heart diseases [28] . Left anterior fascicular block is the most common cause of left axis deviation [2] . The classical criteria of left anterior fascicular block are frontal plane axis between -45° and -90°, qR pattern in lead aVL, R peak time in lead aVL of 45 ms or more, and QRS duration less than 120 ms [3] . There are different causes of left anterior fascicular block or conduction delay [2, 5, 17, 27] ( Table 2) . In neuromuscular diseases like myotonia dystrophica, the involvement appears to be in the cardiac conduction system as a sort of nonmyopathic manifestations [17] . Hyperkalemia as well as a sudden increase in serum potassium levels are sometimes accompanied by left axis deviation ascribed to left anterior fascicular block due to changes in resting membrane potential and transmembrane potassium gradient; similar mechanism is held responsible for the generalized QRS widening with hyperkalemia [17] .
The finding of isolated left anterior fascicular block is a very common, nonspecific abnormality [5] . The QRS axes which range from 0° to -30° probably reflect minor degrees of left anterior fascicular block or incomplete left anterior fascicular block [2] . An axis of +29° is also considered as already reflecting some degree of left axis deviation [2] . Complete block of conduction in the left anterior fascicle is not necessary to produce left axis deviation; presumably, all that is required is enough delay in anterior fascicular conduction to result in the activation of the anterior left ventricular solely via the posterior fascicle [17] . In fascicular block, left axis deviation can be interpreted as either delayed conduction or complete block in the left anterior fascicle [17] , which may explain the leftward shift of axis from minor degrees to frank left axis deviation.
Vulnerability of left anterior fascicle
The left anterior fascicle is more vulnerable to interruption than the left posterior fascicle because of many reasons [2, 17] ( Table 3) . The left anterior fascicle is often supplied by septal branch of descending artery only or by septal branch of descending artery and atrioventricular node artery or rarely by atrioventricular node artery alone [17] . A total occlusion of the left anterior descending artery may cause a subsequent right bundle branch block with left anterior fascicular block [1] . This is one of the reasons for the frequent manifestation of right bundle branch block with left anterior fascicular block [2] .
Clinical cardiac diseases Other conditions
• Coronary heart disease
• Left ventricular hypertrophy
• Chronic cardiac failure
• Cardiomyopathies
• Aortic valve diseases
• Various congenital heart diseases
• Cardiac surgery (especially aortic valve surgery)
• Infiltrative diseases
• Focal pathological lesions
• Ageing
• Atherosclerosis
• Long-standing hypertension
• Other secondary degenerative disorders of the conduction system
• Primary sclerodegenerative disorders, for example, Lenegre disease or Lev disease
• Congenital isolated left anterior fascicular block
• Neuromuscular diseases like myotonia dystrophica, peroneal muscular atrophy, limb-girdle dystrophy
• Rarely in hyperkalemia Table 2 . Causes of left anterior fascicular block or conduction delay.
Left anterior fascicle Left posterior fascicle
Length and width Relatively long and thin Relatively short and thick
Blood supply
Mostly single blood supply (see text) Dual blood supply Proximity to aortic valve Closer (so likely to be affected by aortic valve disease and surgery)* Further away from aortic valve* *Left anterior fascicle is situated superiorly and left posterior fascicle inferiorly. Table 3 . Reasons of left anterior fascicular being more vulnerable to interruption than the left posterior fascicle.
Isolated left anterior fascicular conduction delay due to atherosclerosis and degenerative conditions
The causes and clinical significance of left axis deviation have always been of interest since the early days of electrocardiography [17] . In regards to the causation of isolated left anterior fascicular delayed conduction or block, the possible mechanisms are fibrosis related to atherosclerosis and degenerative conditions [17] . The vulnerability of left anterior fascicle to interruption (Table 3) indicates the possibility of atherosclerosis with resultant coronary heart diseases. The possibility has, thus, been pointed out that left anterior fascicular block which occurs in the elderly may be due to subclinical coronary artery disease [2] . Ischemic heart disease in its own right causes fibrosis that partially or completely interrupts conduction in one or more fascicles [17] . On the other hand, fibrosis and degenerative disorder of the anterior fascicle of left bundle branch are postulated to be the cause of left axis deviation in the older population without associated cardiovascular abnormalities [17, [37] [38] [39] [40] [41] . The ECG trend of the gradual leftward migration of the frontal QRS axis has been concluded to be a common sequel of aging, independent of the population prevalence of coronary atherosclerosis. Thus, isolated, age-related degenerative disease is also considered to cause a variety of infranodal conduction defects that are unrelated to coexisting myocardial disease or coronary artery obstruction, which may be negligible or absent [17] .
Interatrial conduction block by fibrosis:
It is interesting to note here that the association between conduction delays and block in Bachmann's bundle ( Figure 5 ) and atrial fibrillation has been reported [42] . The Bachmann's bundle is recognized as a muscular bundle and shares electrophysiological properties of both Purkinje and atrial fibers; it is not surrounded by a fibrous tissue sheath. Fibrosis of the interatrial tract or Bachmann's bundle has been suggested as the mechanism underlying interatrial conduction block. Areas of conduction block may not be confined to Bachmann's bundle alone [42] . The association of such changes with the left axis deviation and left anterior fascicular conduction delay deserves study.
Left axis deviation and glucose intolerance
In a study of almost the entire population aged 16 years and above in a town in 1959-1960 among people with left axis deviation, more than 25%, and among those less than 40 years of age, 36-40%, have hyperglycemia with blood glucose value above the 80th percentile for the age group [32] . Similarly, in another study of people with diabetes and control group, diabetic men have more leftward frontal QRS axis than their nondiabetic counterparts when the effect of confounding factors (age, obesity, coronary heart disease, hypertension, and drugs) was taken into account [43] . In a population study, among people with isolated left axis deviation almost half (47.4%) of the persons less than 40 years age have blood glucose in the upper quintile values in comparison to 20.7% of those more than 50 years [28] . In a study of asymptomatic people aged 30 years or more not on any medication attending Examining Left Axis Deviation http://dx.doi.org/10.5772/intechopen.69435outdoor clinics for health checkup, the mean (SD) values of fasting plasma glucose are 101.0 ± 18.3 mg/dL in the slight left axis deviation group with QRS axis 0° to -30° (mean age 40.3 ± 8.5) and 122.9 ± 27.5 mg/dL in moderate-to-marked left axis deviation group with QRS axis -30° to -90° (mean age 54.5 ± 6.3). The frequency of glucose intolerance is 48.9% in the slight left axis deviation group with QRS axis 0° to -30° and 84.9% in moderate-to-marked left axis deviation group with QRS axis -30° to -90°, the difference being significant after conditioning the effects of age and sex (P ≤ 0.03) and after conditioning the effect of BP (P = 0.02) [44, 45] . In a recent study with 85% of participants less than 55 years of age, left axis deviation was present in 8% of control group and 43.3% of type 2 diabetes [46] . The frequency of left axis deviation in the control nondiabetic group mostly below the age of 55 years in this report is also relatively high. The control group, though do not have diabetes, may have higher level of glucose or glycated hemoglobin (HbA1c) which could be related to the increasing glucose intolerance in the population now.
12. Why glucose intolerance as a cause of left anterior fascicular conduction delay was not much reported in earlier reports?
Difficulty in conducting fasting and 2-hour glucose estimation for diagnosis in the studies
In many reports of different findings in ECG of varied populations, plasma glucose estimation was mostly not done [29, 31, [33] [34] [35] [36] [37] [38] [39] [40] . Conducting fasting and 2-hour glucose estimation in the field situation may not be easy as people have to come in the fasting state and wait for further 2 hours after taking glucose. Glycated hemoglobin (HbA1c) has been recently recommended for diagnosis of glucose intolerance.
A relatively new phenomenon
The epidemic of glucose intolerance in the world is relatively a new phenomenon starting since the latter half of twentieth century [47, 48] . It is now increasingly affecting the younger population [47] . The situation of the epidemic of diabetes could have led to observe and report the association of glucose intolerance and left axis deviation in relatively younger people more explicitly now [45, 46] .
Data collection only as the normal axis or as the left axis deviation mostly with -30° to -90°I
n most studies, including that of people with hyperglycemia or diabetes, only the presence of left axis deviation with QRS frontal plane axis -30° to -90° is considered [29-34, 36-39, 49] , not the leftward shift of axis from its usual normal position (Figure 2) , and thus the lower range of leftward shift is likely to be missed. The process of gradual shifting of the ECG axis toward left could be associated with the period of exposure to different grades and combination of the related factors like increasing age, glucose level, and other factors. Focusing only on the left axis deviation criteria as -30° to -90° by the studies also appears as one reason of dearth of evidences about the association of different degrees of QRS axis with possible factors. The arbitrary limits of the axis deviations have already been discussed.
Left axis deviation in school children in indigenous population
High prevalence of left axis deviation, 6-9-fold higher than the control group, in healthy American-Indian Navajo and Apache school children has been reported, the possible cause of which was considered unexplained [50] . Mean frontal plane QRS axis between -1° and -90° was present in 19% of the Navajo and 12% of the Apache school children. The prevalence of the lesser degree of leftward shift of axis is also likely to be higher. Even the lesser degree of leftward shift of axis is also quite significant in children as compared to adults, as the normal QRS axis is more on the right in children. For example, in the neonate the normal frontal plane QRS axis is between +60° and +190°, and the axis then shifts to the left and by ages 1-5 years, it is generally between +10° and +110°. Between 5 and 8 years of age, the normal QRS axis may extend to +140°, and between ages 8 and 16 years, the range of normal QRS extends to +120° [3] . The indigenous populations like the American-Indian are the ones who are affected the most since the middle of the twentieth century by the global diabetes epidemic [47, 48] , and there is high prevalence of diabetes in the American-Indian indigenous population affecting even children [47, 51] . The high prevalence of leftward shift of axis in the children in such population is most likely related to the glucose intolerance which needs to be studied.
Brain white matter hyperintensities and left anterior fascicular block similarly related to glucose intolerance
White matter of the brain consists mostly of glial cells and myelinated axons for the transmission of neuronal electrical activity. With the wide availability of magnetic resonance imaging, there is often incidental discovery of white matter lesions appearing as hyperintensities on T2 weighted image [52, 53] . Pathological findings in the regions of white matter hyperintensities include myelin pallor, tissue rarefaction associated with loss of myelin and axons, and mild gliosis [52] . The factors associated with the brain white matter hyperintensities include ageing, hypertension, and diabetes [52, 53] , as in the case of left anterior fascicular block. It may be relevant to note here that neuropathy, including the autonomic one, is a well-known common complication of diabetes and it may also be linked with, for example, as a later clinical manifestation of, white matter hyperintensities. A new study shows that even the impaired fasting glycemia, with the fasting plasma glucose below the diabetic range, is associated with a higher burden of brain white matter hyperintensities [54] . Among the people with isolated left axis deviation almost half of the persons less than 40 years of age have blood glucose in Examining Left Axis Deviation http://dx.doi.org/10.5772/intechopen.69435the upper quintile values [28] . Left anterior fascicle is similarly involved in the transmission of cardiac electrical activity and its vulnerability to the interruption (Table 3) could make it likely to be susceptible to oxidative injury due to the accumulation of various metabolic products of hyperglycemia.
Hyperglycemia is associated with fibrodegeneration of the left anterior fascicle, brain white matter, and other tissues. Chronic hyperglycemia affects various growth factors including fibroblast, collagen, fibronectin, contractile proteins, and extracellular matrix proteins in the body through different mechanisms. The various possible mechanisms of hyperglycemia leading to complications include nonenzymatic glycosylation, polyol pathway, abnormal microvascular blood flow, thickening and leakage of basement membrane of blood vessels, formation of reactive oxygen species, formation of vascular endothelial growth factors, and overproduction of superoxide by the mitochondrial electron chain [11, 12, 55] . Ageing associated with the fibrodegeneration of various tissues also involves insulin signaling pathways, reactive oxygen species, and oxidative damage at number of sites [55] . The final pathways of mechanism of complications and fibrodegeneration of various tissues due to hyperglycemia and ageing appear similar. Ageing is a known risk factor of glucose intolerance. And looking at the similar final pathways of mechanisms of complications and fibrodegeneration of the tissues in hyperglycemia and ageing, there could also be reciprocal relation between the two conditions.
Future perspectives-from research and public health point of views
From the point of view of leftward shift of axis, correlation of various degrees of frontal plane QRS axis (not just the presence or absence of left axis deviation) with fasting and 2-hour glucose and/or glycated hemoglobin levels
• in the general population [45] ,
• in the children of the indigenous population where left axis is observed [50] , and
• in the people with higher brain white matter hyperintensities [52] [53] [54] (along with magnetic resonance imaging of heart and/or nerve conduction studies and/or tests of autonomic neuropathy)
will help to provide further evidences and thus to correlate various factors with leftward shift of axis and glucose intolerance. The value of research lies in its utility. In the situation of pandemic of glucose intolerance also affecting the leftward shift of axis in younger population, to utilize the already available evidences especially of the risk of obesity or glucose intolerance in the offspring of mother with obesity or with undernutrition [56] , the control programs to protect the susceptible populations need to be implemented [47] ( Table 4 ). In the background of inherent insulin resistance during pregnancy and increasing age of mothers, maintenance of the optimum prepregnancy weight in the population appears to the key in hand in the control program of diabetes epidemic [47] . This will also help to benefit the children of the indigenous population where the research on left axis deviation and diabetes has been conducted.
Conclusion
The frontal plane QRS axis and especially the left axis deviation have always been the areas of interest in electrocardiogram. There are different physiological and pathological conditions which affect the axis and the axis shift itself also affects the QRS and ST morphologies. The approximate degree of axis can be easily determined by observing the electrocardiogram. Most causes of left axis deviation are well-known clinical entities. Isolated left axis deviation and leftward shift of the axis have increasingly been reported to be possibly associated with glucose intolerance. There are reasons why such association was previously not reported. The left anterior fascicle is as such vulnerable to interruption. The possible relation of glucose intolerance with brain white matter hyperintensities and even ageing also indicate the need to conduct research in these areas. However, the already available evidences should also be simultaneously utilized to protect the susceptible population. The bottom line of the frontal plane QRS axis is to record the actual degrees of the axes (not just the presence or absence of normal axis or left, right, or extreme axis deviations) and correlate the changes in the degrees of axis with the levels of the various possible factors in the individual patient or the study populations.
Examples in the communicable disease
Possible examples in diabetes**
Prevention programs for individuals • Immunization
• Personal protective measures
• Chemprophylaxis
• Primary prevention programs
• Campaign and programs to help achieve by the people the recommended body mass index of the respective populations
Control programs to protect the other susceptible populations*
• Isolation
• Quarantine
• Vector control (e.g., mosquito control for various diseases, cyclops control for guinea worm, chicken and poultry culling for avian influenza)
• Treatment of case (e.g., tuberculosis) and carrier
Campaign and programs for
• Maintenance of optimal prepregnancy body weight, as per the recommended body mass index of the respective populations, especially in the affluent and/or urban parts of the societies and
• Nutritional support for the girls and women of childbearing age in rural and poorer sections of the societies *The vulnerable populations to be protected by the control program of diabetes include the offspring of malnourished or overweight mothers.
**National and international health and diabetes agencies should clearly spell out the control programs, with appropriate budget allocation, for control of diabetes epidemic to protect the progeny. 
